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1 
The loresent invention relates te methods and 
apparatus for geophysical prospecting over water- 
covered areas and more particularly.to improved 
methods and apparatus for generating seismic 
waves beneath the surface, of a body of water. 
Seismic methodsof geophysical.prospecting in- 
volve the use of explosive charges.at a succession 
of shot. points te generate seismic waves which 
are propapated downward through the earth frein 
each shot point and then reflected and refracted 10 
frein strata interfaces and the like in the earth 
te a plurality of wave detectors laterally displaced 
from the shot point. In practicing such methods 
over water-covered areas, it is necessary te deto- 
nate each explosive charge beneath the surface 15 
of. the. water.-in order te obtain effective utfliza- 
tion of.the explosive energy developed. This gives 
rise/to.the problem of suppressing.or preventing 
thegeneration of unwanted so-called secondar.y 
and following P waves which are.normally gener- 20 
ated at short intervals after the desired so-called 
primarF P waves. It is believed that the un- 
wanted (non-primary) P waves are caused by-the 
collapse and initialreformation of the substan- 
tially spherical cavity formed in the-water when 25 
the explosion takes place at such a depth that 
there.is no surface blow-out above the. charge, 
and also by the compression and expansion of 
the gas released by the shot as this. gas rises te 
the surface. Seine authorities believe and cer- 
tain tests have indicated that the secondary and 
following P waves are net generated.if theex- 
plosion is contro]led to-pr0ducea non-sphericl 
cavity, in the. water, Regardless of the;validity 
of:thiS theory, when thesecendary and folloving 
P-waves are generated, they travel with substan- 
tially the same velocity as the primary P waves. 
This gives fise te several problems. One preblem 
arises frein the fact that the secondary and fol- 
lowing, p waves may produce reflections from one 0 
subsurface horizon which aredetected by the de- 
tectors  at a rime. which could mistakenly be 
terpreted.as the arrival rime of.prirary wave-re- 
flectionsfrom a. deeper horizon. Also, the non- 
p.r_imary wave reflections frein the shallower 45 
horizon may-arrive at the detectors at the saine 
rime as- primary wave reflections from a deeper 
horizon if the relative depths of the two horizons 
happen te be right, with the restlt that a con- 
fused reflection record is obtained. Further, di- 50 
rect transmission of the non-primary P waves te 
the detectors may interfere with concurrently 
rivinand desired primary wave reflections frein 
asubsurface horizon, thereby producing confu- 
sion of thereflection record. 55 

Itds an.object ofthe.present invention, there 
fore,, te :obviate the problem outlined above in ttie 
generation of seismic waves beneath the surface 
of a body of water. 
If is.another object of the invention te provide 
an improved methodand improved apparatusf0r 
effectively generating seismic waves beneath the 
surface of a body of .water without generating un- 
desirednon-primary P waves. 
According te still another object of the inven, 
tion,, maintenance, of critical relationships 
tween the size nd type of explosive charge and 
the depth of the charge in the water is avoided 
in the present improved apparatus and method, 
whfle.achieving the desired end of preventin the 
generation of non-primary P waves. 
It is a further object of the invention te 
crease the seismic eiïïciency per. unit charge- of 
explosive used,in .the generation ofseismic waves 
beneath.the surface of a body of/water. 
If is. another, object of the invention te provide 
apparatus for generating seismic waves beneath 
the surface of. a body of water, which is_so ar- 
ranged that a.non-spherical cavity is f0rmed 
the water, incident te detonation of thi explosive 
chargi of thi apparatus. 
Thi invention, both as te ifs organization, and 
method of. operation, together with further ob- 
jects and advantages thereof, wfll best be undër- 
stood by. reference te the following speciflcation 
taken in connection with the accompanying draw- 
ings, in which: 
Fig. 1 is a fraimentaiy sectional.view taken 
vertically through.a body of.water.fllustrating.the 
gas bubble, which .is formed when an explosive is 
'fired af a depth-sulïïcient te prevent the com 
pressed gases frein escaping; 
Fig. 2 is a fraimentary sictional view fllùs- 
trating, the collapse of the bubble shown.in Fi 1; 
Fig. 3 is a fragmentary sectional view throngh 
a body of water illustrating one embodiment .of 
the present invention; 
Fig. 4is. a viiw. similar te Fig. 3 illustrating 
the manner in which the water, is displaced:.upon 
detonation of the apparatus shown.inFig. 3; and 
Figs. 5 and.6 are verticalsectional views fllus 
trating modified embodlments of apparatUs char- 
acterized by the features of. the present inven- 
tion. 
leferring new te the drawings and more par- 
ticularly te Figs. 1 and 2 thereof, the manner in 
which desired primary P waves and undësired 
secondary P waves are. successively generated, in 
response te detonation of an explosive charge.is 
there fllustrated. Specifically the charge.-is 



cated ata point I I well below the surface IOc of 
a body of water I 0 af a depth such that the gases 
developed upon detonation of the charge cannot 
immediately escape through the overlying layer 
of water. Immediately incident to detonation of 5 
the charge, the explosive forces give fise to the 
generation of the desired primary P waves, a por- 
tion of which are propagated downwardly 
through the water and the underlying subsurface 
structure for reflection and refraction from sub- 10 
surface horizons fo conventional seismic wave 
detectors, hot shown, laterally displaced from the 
shot point in the customary manner. After these 
waves are generated, the gas bubble  formed 
in the body of water af the shot point starts to 15 
collapse. Collapsing of this bubble is accelerated 
by the action of the pressure developed in the 
water surrounding the bubble incident fo deto- 
nation of the explosive charge. After collapsing 
a certain amount the bubble starts fo reexpand 20 
and in so doing generates the undesh'ed second- 
ary P waves. The subsequent action is somewhat 
oscillatory in the sense that the gas bubble con- 
tinues fo collapse and expand repetitively to pro- 
duce additionai undesh'ed P waves. However, as 25 
the phenomenon proceeds the magnitude of the 
waves rapidly decreases and beyond the fourth 
lmpulse the waves usually become unobjection- 
ble.. The P waves generated during the second, 
hird and fourth impulses, however, are propa- 30 
gated downward af the saine velocity as the pri- 
mary P waves and are of sufltcient magnitude fo 
produce the undesired results referred fo above. 
In accordance with the present invention, the 
problem referred fo in the preceding paragraph 35 
is obviated by interposing ai least one auxiliary 
explosive charge between the surface 0« of the 
water and the main explosive charge located well 
beneath the surface of the water, detonating the 
main charge and simultaneously detonating the 4O 
auxiliary charge fo open the gas escape path be- 
tween the sm'face of the water and the exploding 
main charge. This permits the gases from the 
exploding main charge fo escape through the gas 
escape path and thus prevents formation of the 45 
gas bubble, the collapse of which gives rise to 
generation of the undesired non-primary P 
waves. In the embodiment of the invention illus- 
trated in Fig. 3 of the drawing, the auxiliary 
explosive charge is in the form of an elongated G0 
explosive fuse |2, in the form of Primacord or 
the like, which serves the triple function of Sup- 
porting the main explosive charge |3, from a 
float 4 located at the surface of the water, at 
the desired depth below the water's surface, ex- 55 
ploding the charge 3, and opening the desired 
gas escape path between the explosion zone of 
the main charge  3 and the surface of the water. 
This elongated fuse may be attached fo the con- 
tainer for the main charge 3 and fo the float 60 
4 in any desired or conventionai manner. 
will be understood, moreover, that if additionai 
support for the main charge 3 is required, such 
support may be derived by paraileling the fuse 
|2 with a suitable supporting cord. Any form of 65 
float |4, such, for example, as a block of wood 
of appropriate size or a seaied hollow container, 
may be used fo support the charge 8 from the 
surface of the body of water. Preferably, the 
explosive fuse |2 is connected fo this float af the 70 
approximate center thereof and a suitable igni- 
tion cap 4 is joined fo the ende of the fuse fo 
ignite the ssne when electrically excited in the 
customary manner from a remote point. 
With the described apparatus positioned in the 75 

4 
mariner illustrated in Fig. 3 of the drawings, the 
elongated fuse 12 and the main charge 13 are sub« 
stantially simultaneously detonated incident fo 
energization of the ignition cap |4b. As the 
nain charge 3 explodes, the desired primary P 
waves are generated and a large gas bubble is 
formed within the body of water t0 in the man- 
ner illustrated in Fig. 4 of the drawings. Con- 
currently therewith and as a result of the explo- 
sive forces developed by detonation of the fuse 
2, the water is forced away from the exploding 
fuse in all directions so that a gas escape path 
or channel  of relatively small diameter 
formed between the surface t O of the water and 
the explosion zone or gas bubble |3 of the ex- 
ploding main charge. The compressed gases 
escape fo the water's surface through this chan- 
neland due fo the pressures developed, prevent 
the channel from closing until the bubble has al- 
most completely vanished or disappeared. Since 
this bubble is prevented from forming, non- 
primary P waves are hot generated fo produce 
the objectionable effects referred to above. 
In the modified embodiments of the invention 
illustrated in Figs. 5 and 6 of the drawings, one 
or a plurality of small auxiliary charges  are 
used in conjunction with the explosive fuse 2 to 
open the gas escape path between the explosion 
zone of the main charge 3 and the surface of 
the water concurrently with the detonation of 
the main charge. When one or more small aux- 
iliary charges is used, it may be required to em- 
ploy an exp!osive fuse |2 to interconnect the sev- 
eral charges and to support the saine from the 
fioat |4. As an alternative, ignition wires ex- 
tending downward from the float 4 to detonat- 
ing caps individual to the plurality of charges 
and |  may be employed to support these charges 
at the desired depths below the fioat 4. Prefer- 
ably, however, an explosive fuse  2 of the Prima- 
cord type is employed for this purpose since it 
enhances the simplicity of the overall combina- 
tion. 
The mode of oPeration of the auxiliary charges 
|, operated either with or without an explosive 
ignition fuse |2 of the Primacord type, to open 
a gas escape path between the explosion zone of 
the main charge 3 and the water's' surface is 
substantially the saine as explained above with 
reference fo the arrangement illustrated in Fig. 
3 of the drawings and as will be readily apparent 
from the foregoing explanation. In this regard 
it may be pointed out that one of the problems 
involved is that of preventing the gas escape 
path |4« from closing prematurely, i. e., before 
the compressed gases generated incident fo det- 
onation of the main charge are permitted to 
escape to the water's surface. The problem may 
conveniently be solved by employing ignition 
caps individual fo the main charge 3 and the 
auxiliary charges  and by using a conventional 
commutating device fo energize the ignition caps 
of the auxiliary charges  either together or in 
succession a short rime interval after the igniting 
of the main charge cap so that the main charge 
is detonated ahead of the auxiliary charges. This 
method of shooting the charges has the added 
advantages that no escape path is formed to the 
main charge until after the initial impulse 
ergy resulting from detonation of the main 
charge is released. It should be noted, however, 
that the delay intervai separating flring of the 
main charge and flring of the auxiliary charges 
should be short enough to insure opening of the 
desired gas escape path belote the initial collapse 



dhaigebbble .is.in'progress. 
«-Arr6ther mèthod :of slvlrg the 
tioned problem -that-of eloylg«love 
he=auxi- Charge or Chrges 
lwvelocity; i. e., lowerbu,'ça.oEvx 
-losl mterl makg-upe-n ùhage 
"$o a oEhe explosive forces eveloped by 
àll auxilia 'charge  .hges : e 
uce'd an :instant afer ..complête -ënIon f 
«he mn-chrge  8. Ts ius -tht-thegs 
scapepath-will be opendasho'meiàl 
-fter -gas buble -f« is ïfoed 
 to$lon -0f the m-a -char »f3 ad 
-sbantially- colescape-f 
bubble to the water's surface. ls,arrangement 
-h-e additionàl 'dvange-Of isung m- 
m :êffectiveness 0f he-exPlesive 'forc de- 
"vél-e incident to detoion 0f  àino20 
-Chrge  in -producing :the desired 
wavs. 
'e'problem referred to in thepreeeding-.para- 
p-h may also be solved wih heig.'3«ange - 
ent"by .locating the igtion cap for e explo- 
Sfvefuse 2-and the-man charge -  atthe junc- 
tion point between he twola.st named,èlemens 
-and.»paralteling the fuse R Wih iition s 
exenng.ownwardly tothe iioncapsup - 
rted by the main charge ..shusanged..30 
the.explosive fuse 2 is eonated'from the bot- 
-m:edto itsopend so hàt a' progresSive.ëlay 
occis in .the formation of :he ".gasescape "chant 
riel o the water's-surface upon-the-elosion 6f 
th main Charge- . In this regard It is again35 
pointed out that the delay required is very small 
since ail tha isn-ecessa is to prevent e gas 
cape :path from :closing til such time as he 
highly compressed gases of the  gs bubbe. 3a 
are peited to.escape to the waer.s-surface. 40 
From the foregoing exp]anaion it will be un- 
dersod hat he present improv¢d method pro- 
'vfdes a-simpe and effective solution  the 
;pr0blem-of prevengnonprary P v from 
be ;erated ciden  "he deonation 0f 45 
'an explosive-charge beneh the surface 
body of waer. rher, he solution is such 
at critical re!ationships between he marial 
and size of the main charge and he deph of 
this charge beneath he waer's sface are 50 
avoided. Thus since a gas escape opening is 
produced beween the explosion zone of the 
charge and he water's surface regardless, of the 
depth a which he main charge is placed in the 
body of waer, such p!acemen of the main 
charge may be predeermed as desired to pro- 
duce maximum effeciveness of the explosive 
forces in generatg he desired pra P waves. 
ide from the above, if will also be undersood 
that the arrangement employed  sple  the 60 
extreme and ha each unit of equipment may 
be easily assembled and handled  the placement 
of the uni ai the desired shot pos. 
Whe there have been described wha are a 
present considered o be he preferred embodi- 65 
men of e invention, i will be undersod that 
various modifications may be marie therein which 
are wihin he rue spit and scope of the in- 
vention as defined in e appended clan. 
at is claimed as new and desired  be 70 
seced by Leers Paten of e Unld Saes 
1. The method of generaing seismic waves be- 
neah the surface of a body of war whe sub- 
sntially prevening the generation of desired 

the'fedf:::the çwr)and.a.'main dharge,èt- 
onang rmid mn chage  gener oEe -e- 
5  swav,:«ad enatisai auli Chage 
 open.:a .' g esee path .between "the sufce 
«dr e'wter »affd ïe exploIng..main «charge. 
"2. e. :mo of îgeneting 'sëismic ves 
I0 :'subStly penting he 'genergion df - 
desired non»prary waves, which :comprises 
' spg :an, ïelosive dharge :-beeah the:sur - 
'f .df'the ïwàer by :.tilizing-an 'elont#d 
:ploSi.ve :fuse  :.spe  the harge 'h'om ;a'oat 
-15 lo-cte. e ufface. Of "the 'wàr, 
id ,che - agenete he :desired «.waves and 
entlng »sid/fe  "open,a gs esope 
-etween e :suffce ,0f th-e waer and'the :ex- 
Plodi"chR. 
:«3. e ;metho'd of generating seismic waves 
:eneth the surfce :df ,, Ody of wàr ",While 
UbSnMally prevting the generation .0f un- 
:esed non-primry .waves, which .comprises 
:suprtgàn explosive. Charge beneath th-e sur- 
fee :f the 'water :by :an 'ëlongted ëlement.at- 
:tche:-:a.o'àt a the.waer'ssurfe, .suprt- 
. ing.t leSt'0nesmll auxfliary.charge alo sai'd 
element ata point inrmediae the ends heredf, 
"enRtg said.:'firsmetioned chargeçtogener- 
a the: eired' waves, "an enating .sai. aux- 
,iliary. dharge  open a gas:escape path between 
th'ufface.Of the war Rnd the exPlosion zone 
 o f" sàid rfirstmentioned charge. 
4. The.methoddf  generatg:seismIc:waves be- 
' 1oEeath .the-sge.ufa body of'.War whileb- 
 tnally eventing the generaion uf 
:irêd"nprimi ,waves, which complsés =sup- 
"poiug :an "exploSive'charge beneaththe.'suffce 
'dr <the :war'by ; ëload fuse element :at- 
tchedr-a«flotat ' the:»w.àer's surface;support- 
ing,at least:oneauxiliary dhage along saïd êle- 
.ment at, a »pot qnteeia .the :eds edf, 
,denating  sid Stmenoned 'charge  gen- 
erae the desired wves,:ïaddetonàtingsàid fuse 
"and: aillary C-hage«toopenïa:g, escape ;ath 
»èthe.sufface dr the:war:antheexplo- 
'sion.ne.,df said-«rsmentioned charge. 
5. Apparatus for generaing seismic wav be- 
neah the surface of a bo of water whfle sub- 
stanially preventing the generation of unde- 
sed waves, comprising a fioa, an explosive 
charge, an elongated fuse for suspending said 
explosive charge from said fioat beneath he sur- 
fce of he waer and for openg a gas escape 
pa between the surface of the war and the 
explosion zone of the charge upon detonation 
thereof, and mea for denating said fuse and 
said charge. 
6. Appamtus for generating seismic waves be- 
. neah e surface of a body of water while sub- 
stantially.prevening he generation of undesired 
waves, comprising .a ..fioat, an explosive charge, 
an elongad element for suspenoEng said explo- 
sive charge ffomsaid fioat beneath e surface 
of e water, at least one auxiliary explosive 
charge suppoed by said element inermedia 
the ends of said element for opening a gas escape 
pah beeen e surface of the waer and the 
explosion zone of id first-mentioned charge 
upon deonation of said charges, and mea for 
deonating said charges. 
. Apparatus for generai semic waves be- 
neah he surface of a body of waer whfle sub- 
stantiay preventing the generation of undesired 
waves, comprising a fioat, an explosive charge, 



7 
an enIongated explosive fuse for suspending said 
 explosive charge from said float beneath the sur- 
face of the water, at least one auxiliary explosive 
charge supported by said element intermediate 
the ends of said element, said fuse and said auxil- 
iary charge being operaçive upon detonation 
thereof fo open a gas escape path between the 
surface of the water and the explosion zone of 
said flrst-mentioned charge, and means for îgnit- 
ing said fuse, thereby fo deçonate said fuse and 
said charges. 
8. The method of generating seimic waves be- 
neath the surface of a body of water whfle sub- 
stantially preventing the geneFation of undesired 
non-primary waves, which comprises positiontng 
a main charge and an auxtliary smaller charge 
 in the body of water wit said auxiliary charge 
disposed between said main charge and the sur- 
face of the water, exploding said main charge to 
generate the desired waves, exploding said aux- 
iliary charge fo open a gas escape paçh between 
the surface of the water and the exploding main 
charge, and delaying explosion of said auxiliary 
charge for a short inçerval after explosion of said 
main charge fo insure that said gas escape path 
will not close before the gases from said explod- 
ing main charge escapes to the surface of the 
water. 
9. The method of generaçing seismic waves be- 
neath the surface of a body of water whfle sub- 
stantially preventing the generation of undesired 
non-primary waves, which comprises positioning 
a main charge and an auxfliary smaller charge 
in the body of water with said auxilary charge 
disposed between said main charge and the sur- 
face of the water, and exploding said main and 
auxiliary charges in sequence and in the order 
named, whereby said exploding main charge gen- 
erates the desired waves and said exploding aux- 
fliary charge opens a gas escape path betWeen the 
surface of the water and the exploding main 
charge which remains open untfl substantially 
. al! of the gases from the exploding main charge 
escape to the surface of the water. 
10. The method of generating seismic waves 
beneath the surface of a body oï water while 
substantially preventing the generation of unde- 

8 
sired nonprimary waves, which comprises posi- 
tioning a main charge and an auxillary smaller 
charge in the body of water wih said auxiliary 
charge disposed between said main charge and 
5 the surface of the water, said auxiliary charge 
having slower burning characteristics tan said 
main charge, exploding said main charge to gen- 
erate the desired waves, and exploding said aux- 
iliary charge to open a gas escape path between 
10 the surface of the water and the exploding main 
charge, the slower burning characteristics of 
auxiliary charge delaying explosion of said aux- 
iliary charge .for a short interval after explosion 
of said main charge to insure that said gas 
15 cape path will not close before the gases from 
said exploding main charge escape to te sur- 
face of the water.. -  
11. In a method for seismic exploration where- 
in an explosive is flred below the surface of a 
20 body of water, the method of preventing genera- 
tion of secondary seismic impulses while generat- 
ing primary seismic waves which comprises 
placing a primary charge and af least one sec- 
ondary charge of explosive below the surface of 
25 the water, spacing said secondary charge from 
said primary charge af an effective distance such 
that the cavities formed in the water by explod- 
ing said primary and secondary charges will 
mutually distort each other, and simulçaneously 
30 flring said primary and secondary charges. 
12. A method in accordance with claim 11 in 
 which said primary and secondary charges are 
Suspended in a substantially vertical column 
neath the surface of the body of water. 
35 ROBERT S. FINN. 
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